Optimization of an LU Factorization Routine Using Communication/Computation Overlap by Desprez, Frédéric et al.
HAL Id: inria-00073597
https://hal.inria.fr/inria-00073597
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Optimization of an LU Factorization Routine Using
Communication/Computation Overlap
Frédéric Desprez, Stéphane Domas, Bernard Tourancheau
To cite this version:
Frédéric Desprez, Stéphane Domas, Bernard Tourancheau. Optimization of an LU Factorization










ap por t  
de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Optimization of an LU Factorization Routine Using
Communication/Computation Overlap








<=>?A@ >? =BDCFE ?AGH = ?JILKNMOQP >?JHR"SAT? EUWV SXGKJM"YFZ[ UX\= SAT C R?AS \ K
]^Q_`a'`bdcfeFg`hi`kjmlAn`ophiqJhro _`7a'`hstiukv `opew`kx4j s
edjmyAy uzt o|{A` t `} ^ ` t } ^ `~JzzFcfg` tr ` t bkzNcbyXjmN`h
"7kmWmN]^ h t `7y uNt oy t `hr`~Joihh u a` uNtr h u ~o ^ `Djm}o uzti jmo u ~ tru ao ^ ` L}kjz¡£¢ s ¢p¤¥§¦ ¨At j t qJ©ª t hro«Aj
} u a'yA¦`n  o¬qjm~Wjm¦qJh  h  h"  N`~ª©­¬o|j¦¦ u h"o u } u a'yAlAoi`o ^ ` u yAo  a1j¦ ¨ ¦ u }  h  `d uNt o ^ ` ¨ ¦ u }  hi}kjmoior` t `{F{  hro tr¨ lAo u ~
lAhi`{  ~® J}kjN¡Q¢ s ¢p¤¥©W­¬ojm¦h u   z`7ho ^ `} u aalA~  }kjmo u ~'y ^ jhr`h!o ^ joj t `  ~¯oi` t `7hro  ~AFo u'u z` t ¦°jmyª© L`} u ~{ª«Qo¬ uu yo  a  jo u ~Ah ¨ jmhi`{ u ~F} u ayAlAo±jo u ~h±²m} u a'alA~  }kjo u ~Ah u z` t ¦°jmy4j t `  z`7~1  o ^ `nJyX` tr a'`~Jo³jm¦ t `hrl¦oih u ~4­¬~Jor`¦s j t jm u ~1j~A{F­¬´x*  s"µ hiqJhror`7a'hk©
¶·J¸W¹±º»Wz¼m½s j t jm¦¦`¦ª¡  ~A`kj t ¢p¦z` ¨At j«A¾Djm}o uzti jmo u ~ª« u z` t ¦°jmyª«A J}jz¡Q¢ s ¢p¤¥
¿ÀÁÂ¬Ã¬ÄÅ ÁÂÇÆÈÃ¬ÉËÊÌ
ÍJÎ"ÏmÐËÑ³ÒÓÎiÔQÕÖØ×2ÙÛÚ'ÎrÜËÔQÝmÞÏmÐÓÑ³ÒËÎrÔQßiÑàà|ÝmÞáWâªãädåpæWâäÍJçÑÞwåpè°âªãéè°ê"ëJáWÎ"ÔÓÐËì³í³ìîðïzÎiÜÓÔ£ñzÞmìÞmßzòÎéÏmìÐQïðÎ|áWâªãäßrÑ7ÞkÔËÐÓì7ÔXóWèÓáQäNôïðÎ"õöãQ÷°óWãªá'óWãäwìßrÔËîðÑÞæWøªæQáéômïðìpáWæXæÏmÐÓÑù7ÐÓìààÎWæWúªãªæWûê®ßiÑÞÔÓÐËìÔWæXúéãªüªýªüéóQäNë
þ ÍJè°óôúéãªê áWâéãä ÿ  ô è°âéãªè°ê ã	ÑÞmÎØ÷ êéïðÏzÎiÜrô*æXâä ÍJçÑ7ÞJô
  
 ÍJçÑÞáWÎmÎ ômÐÓìÞmßiÎô Îiàìîðï
 !"$#	%&! !"'#(&)+*,%-# ).&/0 ,%1
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broadcast pivot information :
IGEBS2D
receive pivot inforamtion :
IGEBR2D
not swapped in pdgetf2 :
exchange part of rows exchange rows :
PDLASWP
PDLASWP
compute block row of U :
PBDTRSM
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exchange local pivot line





















swap local pivot line
have current line ?
yes
no yes
and local current line :
scale column by pivot




have current line ?
next column
and pivot information
receive pivot line :
current block column :
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matrix size (in double precision)
optimal blocksize : 8
blocksize : 64
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Size of the matrices (doubles)
ScaLAPACK LU on a 16x16 grid
optimized LU on a 16x16 grid
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matrix size (in double precision)
predicted gain
experimental gain
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Size of the matrices (doubles)
speed-up in % on a 8x8 grid
speed-up in % on a 16x16 grid



















number of double in local matrix
speed-up in % on a 8x8 grid
speed-up in % on a 16x16 grid
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matrix size (in double precision)
SP2 : ScaLAPACK LU on a 3x3 grid
SP2 : optimized LU on a 3x3 grid















matrix size (in double precision)
SP2 : gain on a 4x4 grid
SP2 : gain on a 2x2 grid
SP2 : predicted gain on a 4x4 grid
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